Flavobacterium piscicida was isolated from "red tide" waters off the southwest coast of Florida (Bein, 1954). Orange pigmentation and iethyotoxicity, conspicuous attributes, guided subsequent isolations from waters off the west coast of Florida, Biscayne Bay, and aquaria of the Marine Laboratory, University of Miami, Miami, Florida (S. P. Meyers, personal communication). Bein's original isolate has been studied most extensively. General nutritional requirements and the influence of calcium upon pigmentation (Meyers, 1958; Weeks et al., 1962; Isenberg, Lavine, and Weeks, 1963) , icthyotoxicity (Meyers et al., 1959) , and flagellation (Hansen, Ingebritsen, and Weeks, 1963; Hansen, 1964) have been reported. Flagellation is uniformly polar (Hansen, 1964) rather than peritrichate as described originally (Bein, 1954) , and generic reassignment was recommended (Buck, Meyers, and Leifson, 1963 The marine bacteria were grown and maintained on 1% peptone (Difco)-agar prepared with artificial seawater (Lyman and Fleming, 1940) . P. aeruginosa cultures were maintained on nutrient agar (Difco). Stock cultures were incubated at 30 C, and were stored at the same temperature; experience showed poor survival for cultures of the marine bacteria stored at 15 C.
analysis of P. piscicida, including the additional isolations presumed related. Investigations of phenetic homogeneity included comparisons of the icthyotoxic cultures with several strains of P. aeruginosa and with some additional species of Pseudomonas.
MATERIALS AND METHODS
Cultures. Bacterial cultures used in this study, and their origins, are shown in Table 1 . The collection of marine bacteria represents 15 of the original 20 isolates, and has the culture designations assigned at the Marine Laboratory, University of Miami (Meyers, 1958) . P. piscicida Bein (ATCC 15251) was received in 1954 from S. J. Bein, and has been taken as the type. P. piscicida cultures I and II were received several years later (1959) , and presumably are subcultures of the type. The subcultures of P. piscicida shown in Table 1 are selections made after plating the type, and include a nonpigmented mutant, strain 20.
The marine bacteria were grown and maintained on 1% peptone (Difco)-agar prepared with artificial seawater (Lyman and Fleming, 1940) . P. aeruginosa cultures were maintained on nutrient agar (Difco). Stock cultures were incubated at 30 C, and were stored at the same temperature; experience showed poor survival for cultures of the marine bacteria stored at 15 C.
Physiological studies. Cultural studies included the properties shown in Table 2 ; many of the procedures were those given by Lysenko (1961) . Tests of physiological abilities were done in media prepared with artificial seawater (Lyman and Fleming, 1940) , with the few exceptions shown in Table 2 . The ATCC strains of P. aeruginosa also were grown in the seawater media, except for their maintenance. Characteristic flagellation was established with the aid of electron microscopy . A complete description of the methods used has been given by Hansen (1964) .
Ability to grow in the presence of the vibriostatic compound, pteridine 0/129 (2,4-diamino-6,7-diiso propylpteridine) (Shewan, Hodgkiss, and Liston, 1954) , was established by sprinkling the compound lightly upon seawater media previously inoculated with bacteria being tested.
Pigments were extracted from 48-hr populations grown on peptone-seawater-agar, by use of the procedures described by Weeks et al. (1962) v/v) , followed by a wash with water which removed a final fraction.
Infrared analyses were performed with a PerkinElmer 237 spectrophotometer. Chromatographically purified fractions (Weeks et al., 1962) were used to prepare KBr pellets; usually a 0.5-mg pigment sample was pelletized with 500 mg of KBr.
Computer analysis. Taxonomic data were arranged for study according to the method described by Colwell and Liston (1961) . Several computer programs, prepared by one of the authors (R.R.C.) for numerical taxonomy, were employed. Data from the preliminary study were coded for an IBM 650; the analysis was based on pair-groups, by use of the criterion of highestlinkage-sorting (Sokal and Sneath, 1963) . Eighty cultural properties were included; similarity, S, was computed from established concepts (Colwell and Liston, 1961) (Sokal and Sneath, 1963; Quadling and Colwell, 1964) . The number of cultural properties was increased from the original 80 to 120, and previously reported data (Lysenko, 1961) for some species of Pseudomonas were included (listed in Table 3 ). Programs written for the IBM 1620, 60,000 K, Mod. 1, were employed to compute similarity (S), average similarity (S), and coefficents of association (M) from the coded data. The coefficient of association (M) is the simple matching coefficient (Sm) of Sokal and Michener (1958) , and is designated matching coefficient M in this NO is the number of properties negative to both of the pair of bacterial strains being compared. The computer program will produce a direct off-line or on-line plotting of S versus R.l where average similarity (S) corresponds to the S. of Sokal and Sneath (1963) , and N8 is the mean N,, value. De- (Lyman and Fleming, 1940) , except where marked with an asterisk. tails of the program may be obtained from one of the authors (R.R.C.).
The hypothetical Median Organism (Liston, Wiebe, and Colwell, 1963) was calculated from the data for the marine bacteria. Characteristics of the Median Organism were those possessed by 55% or more of the marine bacteria. RESULTS
Pigmentation. Pigment was extracted from each of the marine cultures, and the extracts were resolved by thin-layer chromatography.
Pigment from a majority of the strains separated into five fractions, and all of the extracts contained three fractions (Table 4 ; A, C, and D). Column chromatography of selected extracts similarly showed five fractions. Absorption spectra were obtained (Beckman model DU spectrophotometer) for the fractions from columns, and that for the fraction (strain 1) eluted in 5% (v/v) aqueous NH40H is shown in Fig. 1 . All of the chromatographically separable fractions showed a broad spectral absorption 754 J. BACTERIOL.
on November 13, 2017 by guest http://jb.asm.org/ Downloaded from maximum at 415 to 420 m,u (0.1 N KOH), and some of the fractions had a second maximum at 255 to 260 m,u. Spectral absorption showed a characteristic hypsochromic shift, 35 m,, for pigment dissolved in 0.1 N HCl, seen as a change from orange to yellow. Existence of from three to five chromatographic fractions with similar absorption spectra is thought to be caused by different degrees of association of a common chromophore with protein. All attempts to remove protein completely from the pigment preparations failed. The data (Table 4) indicate similarity of pigments for the collection of marine bacteria.
Infrared analysis of a chromatographically purified fraction from strain 1 (Fig. 1) is shown in Fig. 2 , along with spectra of some known pteridines to which it is believed the pigment of P. piscicida is related. The spectrum of phenazine a-carboxylic acid from P. aureofaciens is included for comparison. Little attempt has been made to interpret the fine details of the infrared spectrogram of the unknown pigment, since the 755 VOL. 89, 1965 on November 13, 2017 by guest http://jb.asm.org/ Downloaded from HANSEN, WEEKS, AND COLWELL preparation contained traces of protein, but the overall similarity of the unknown pigment and the pteridines seems obvious. Comparison of the curves representing phenazine a-carboxylic acid and the pigment from P. piscicida affirms gross chemical differences.
Computer analysis. The initial study permitted results positive for a pair of strains, or positive and negative, to be compared. Results negative for two strains being compared were not usable. These criteria allowed data for 80 cultural tests of the marine bacteria and the four ATCC strains of P. aeruginosa to be used in grouping the bacteria (Fig. 3) by the highest-link-sorting method (Colwell and Liston, 1961) . Nineteen of the marine strains and the Median Organism formed a cluster at levels >86% S, with most of the strains linking at S levels >89%0/. The four strains of P. aeruginosa formed a second cluster at the 93 % 5 level, and joined the principal cluster of marine bacteria at 84% S. Marine strains 5 and 20 joined the major group of marine bacteria through the P. aeruginosa cluster at between the 75 and 78% S levels. Homogeneity of the marine collection suggests that the strains represent a single species, and a high level of similarity with strains of P. aeruginosa supports inclusion of the marine strains in Pseudomonas. In fact, an S-level association at >75 % has been suggested to indicate intraspecies relationship (Liston et al., 1963) . The study was extended to include other species of Pseudomonas and intergroup and intragroup relationships measured through clustering by average linkage and coefficients of association.
Data for the second computer program originated from 120 cultural tests for the marine bacteria, or from previously reported (Lysenko, 1961) properties of species of Pseudomonas (Table  3) (Fig.  4) showed the marine strains to form a homogeneous group, S > 80 %. The S value indicates high intragroup relationship and, together with the lower intergroup linkage (S > 60%), supports the existence of a separate species-group within the genus Pseudomonas. Strains 5 and 20, which showed relatively low intragroup linkage values in the initial study, remain at the two extreme positions in the dendrogram (Fig. 4) , but are joined to the remaining marine bacteria before any linkage with species of Pseudomonas occurs. The cluster of Pseudomonas species most closely related to the marine bacteria contained P. geniculata, P. atlantica, and P. rubescens. The latter species in turn were joined to the cluster containing the strain of P. aeruginosa used by Lysenko (1961) .
The species of Pseudomonas demonstrated some interesting relationships. P. aeruginosa, P. aureofaciens, and P. chlororaphis form a single species cluster, as do P. fluorescens and P. putida. With the exception of P. iodinum, the rest of the Pseudomonas species grouped at generic levels of S.
Mean similarity values are plotted against mean number of shared features (N8) to show clustering of the marine subset (Fig. 5) and the marine bacteria and the species of Pseudomonas (Fig. 6) . Intragroup relationship in the marine subset shows a compact cluster, with strains such as 1, 5, 18, and 20 being some distance from the main group and the statistical median position. Intergroup relationship (Fig. 6) shows the cluster of marine strains joined to two small clusters of Pseudornonas species, the one including P. geniculata and P. synxantha and the other, P. taetrolens, P. aureofaciens, and P. chlororaphis. The effect upon taxonomic distance caused by the inclusion of values negative to both cultures in the pair-group comparison is shown in Fig. 7 , where M is plotted against RS . Intragroup spreading is lessened and intergroup clustering is also decreased. Dissimilarity has more effect on S computations than on the computation of M. Comparison of Fig. 6 and 7 could be interpreted to mean that dissimilarity is decisive in formation of distinct gaps or valleys between phenetic peaks.
Intragroup relationships of the marine bacteria shown in the initial study (Fig. 3) Dendrogram of marine bacteria and various species of Pseudomonas (Lysenko, 1961) . with the analysis by Lysenko (1961) . However, the analysis by computer offers interesting conclusions not otherwise evident. That certain of the Pseudomonas species may prove to be synonymous is one conclusion suggested by this study.
The four ATCC strains of P. aeruginosa used in the initial study seem more closely related to P. chlororaphis and P. aureofaciens than to the strain of P. aeruginosa used by Lysenko. The intragroup spread shown by strains of P. aeruginosa has been considered elsewhere (Liston et al., 1963; Colwell and Mandel, 1964) . Toxicity. Partially purified pigment extracts, culture filtrates, and whole cells were tested for toxicity. Intraperitoneal (2 to 4 ml) and intravenous (0.5 to 1.0 ml) injections were made into 5-kg New Zealand white rabbits. Animals receiving intravenous injections of whole cells were protected with 100,000 units of penicillin. None of the injections had visible effect upon the rabbits.
Characterization of Pseudomonas piscicida.
Homogeneity ot the marine collection of cultures shown by Adansonian analysis offers a phenetic cluster upon which it is possible to base characterization of the species P. piscicida, a more useful approach than reporting properties from individual cultures. Description could be based upon either strain 12 or 14, which are closely related to the derived MIedian Organism, but the latter summarizes the attributes of the collection and would seem the best choice for characterization. The description which follows is based upon properties of the Median Organism, and strain 14 is the culture most similar to the Median Organism (Table 5 ). P. piscicida 15 (ATCC 15251) shows an S value relationship of ca. 88% with the M'Iedian Organism (Table  5) . Since the latter strain represents the original isolation, it is to be regarded as the type culture.
Pseudomonas piscicida (Bein) Buck, Meyers, and Leifson Mlorphology. Gram-stained cells are 0.2 to 0.6 by 1.2 to 2.0 ,u, appearing singly and with rounded ends. Gram-negative. No endospores. Motile when tested by the hanging drop technique, and possessing a single polar flagellum. Fimbriae aie conspicuous in electron micrographs.
Seawater-i % peptone-agar. Growth on slopes develops within 24 to 48 hr and is pigmented abundant, moist, and translucent. Populations will survive for 6 months between transfers when held at 30 C, but survival at 15 C is poor. Colonies are 2 mm or less in diameter, and are entire, convex, smooth, and translucent. Pigmentation is yellow to orange.
Seawater-i % peptone broth. Even, moderate turbidity. Pigmented pellicle is formed.
Seawater-gelatin. Liquified. Litmus milk. Acid, peptonization in 7 days at 28 C.
Pigmentation. Varies from yellow to orange, darkening as cultures age; intensity dependent upon calcium. Pigment diffuses into the medium. ethyl alcohol, and dilute alkali, but is insoluble in chloroform and nonpolar solvents. Extracted pigment is orange at alkaline pH and yellow at acid pH. Presumed to be pteridine in nature.
Nutritional requirements. Abundant growth in seawater-1i% peptone medium. Sodium chloride may be substituted for seawater, growth occurring in the concentration range of 0.5 to 10.0%; no growth in the absence of either seawater or sodium chloride. Ammonium chloride, but not nitrates or nitrites, serves as a nitrogen source. Growth in L-phenylalanine-agar with salts added, but phenylalanine deaminase-negative. (Meyers, 1958; Meyers et al., 1959) .
Distinguishing characters. P. piscicida differs from other members of the genus Pseudomonas in a number of properties which may serve to differentiate and identify the species. Pigmentation is yellow to deep orange, and pigment diffuses into the medium. Pigment is not extracted from cells by chloroform, but is extracted with methanol. Pigment is insoluble in nonpolar solvents. Extracted pigment is orange at alkaline reactions and yellow in acid. Cultures and culture filtrates are toxic to certain fish and invertebrates. Differential cultural properties are hydrolysis of starch and esculin, ability to oxidize ethyl alcohol, failure to grow at 42 C, failure to grow in absence of seawater or sodium chloride, inability to reduce nitrates to nitrites, and absence of a urease. P. piscicida appears to be most closely related to Pseudomonas species such as P. geniculata, P. atlantica, and P. synxantha. DISCUSSION Assignment of a phenon to a taxonomic hierarchy has no absolute basis. There is no rule saying that phenetic similarity demonstrable for the marine bacteria is sufficient to assign the collection to a single species. Spatial relationships of the 20 strains could be thought to represent the species boundary, with strains 1, 5, 9, 18, and 20 representing maximal distances for the array. This thesis would have the as yet unknown and untested strains of the cluster lie within the boundary established by the peripheral members of the array. The array could be defined statistically in terms of the mean similarity for the entire marine collection (S = 80%, standard deviation = 6%, and variance = 39). It is of seeming interest that two of the more distal cultures of the array, strains 18 and 20, are clones of strain 15, which is Bein's original isolate. A third clone of the latter, strain 19, occupies a less distant position but is removed from the parent culture. Whether a study of many clones would establish phenetic boundaries as well as many isolations of seemingly related strains is not absolutely certain. Some effort to determine these boundaries has been made (Liston et al., 1963) . The fact remains that intragroup dispersion of the marine strains originating as clones of strain 15 is as great as that of strains having individual histories.
Dispersion of the clonal strains within the marine array should not be assumed to indicate vagary of cultural properties for a given species. Clustering of the marine phenon may be said to illustrate the effect of dissimilarity in numerical taxonomic analysis (Floodgate, 1962) . Decreasing the effect of dissimilarity through the introduction of negative matches in the computation of coefficients of association diminishes intra-and intergroup spreading, in contrast to clustering based upon mean similarities. The influence of negative properties has already been discussed extensively (Sneath, 1962) . It may be argued that the less pronounced clustering when M is plotted against N. is an effect of negative matches, but a more pertinent argument seems that a greater number of shared features (positive and negative, in this instance) introduces the increased homogeneity effect for M.
Differences in relationship of the marine phenon to the four ATCC strains of P. aeruginosa and to the strain for which Lysenko (1961) reported data require consideration. The ATCC strains of P. aeruginosa, with which the marine collection was compared in the initial study and in a final analysis with a library of data which included 135 named strains, are among the most typical for the species, forming a 93-phenon (vide supra; Colwell and Mandel, 1964) . The marine strains were linked at 80% S, a value which per se might be assumed sufficient to indicate intraphenetic relationship. The later study has Lysenko's strain of P. aeruginosa similar to the marine strains at a much lower level, 67%NO S. Similarity established through single linkage has the weakness that one cluster may join an already established cluster through similarity between any two cultures of two existing arrays. In this specific instance, strains 1 and 11, which had distal positions in the marine array, bring the ATCC strains of P. aeruginosa into association with the marine strains at 80% S. If, however, similarity between the Median Organism and the ATCC strains is to decide the issue, the latter show first association to the marine group at between 70 and 75% S. This is more nearly in agreement with relationships shown with the Lysenko strain of P. aeruginosa (Fig. 4) .
The high similarity values obtained for comparisons between P. aeruginosa, P. chlororaphis, and P. aureofaciens suggest a single species relationship for these strains. This, in fact, has been observed in previous, independent study by computer analysis and deoxyribonucleic acid (DNA) base composition studies. The B560 strain of P. chlororaphis suggested by Lysenko (1961) as the neotype strain for the species has been shown to have an overall DNA base composition identical with P. aeruginosa (Colwell and Mandel, 1964) .
Aside from absolute values at which the marine phenon links to previously described species of Pseudomonas, the marine strains form a separate cluster, the intragroup dispersion of which may be assumed characteristic of the species, P. piscicida, and relationship to the genus Pseudomonas is seemingly without question.
